Beyond the electronic Eu 3+ transitions of the 4 f 6 state, the fluorescence excitation spectrum shows an intense broad charge-transfer band resulting from both O 2− → Eu 3+ ligand-to-metal charge-transfer (LMCT) as well as electronic Eu 3+ d → f and Te 4+ s → p transitions. The emission spectrum features the prominent f → f transitions of Eu 3+ -doped oxidic compounds. The optical band gaps of the undoped and doped samples were determined by diffuse reflectance spectroscopy revealing just minimal doping effects on the crystal structure. The optical band gaps could be assigned in the excitation spectrum in the charge-transfer broad-band region supporting the assumption of an inorganic antenna effect of the Te 4+ cations.
Introduction
There are only few compounds among the rare-earth metal(III) oxotellurates(IV) exhibiting crystal structures with isolated [TeO 3 ] 2− units, meaning that these complex anionic entities are present without any secondary interactions between one another. All ternary compounds with the compositions M 2 Te 3 O 9 [1 -6] , M 2 Te 4 O 11 [7 -13] , and M 2 Te 5 O 13 [14 -18] [19, 20] , Y 6 Br 4 Te 11 O 29 [21] or HoClTe 2 O 5 [22] ), the space between the [TeO 3 ] 2− units is expanded, so that in the crystal structures both isolated and condensed [TeO 3 ] 2− anions can be found. The complete absence of those interactions was not only realized for HoCl [TeO 3 ] [23] , but also in the cationic and anionic derivatives Na 2 M 3 X 3 [TeO 3 ] 4 with X = Br and I [24, 25] , which structurally resemble very much the title compound Na 2 Y 3 Cl 3 [TeO 3 ] 4 . Especially yttrium compounds are usually employed for the preparation of potential host structures for luminescent materials, since the lack of excitable 4 f states implies no energy loss by internal conversion. Selected examples are the red light emitting phosphors Y 2 O 2 S:Eu 3+ [26] and Y [VO 4 ]:Eu 3+ [27] , or in particular the yttrium(III) oxotellurates(IV) Y 2 
The raw products were washed with demineralized water to remove the excess of the fluxing chlorides (NaCl and YCl 3 ). The products showed colorless platelet-shaped single crystals, suitable for single-crystal X-ray diffraction studies. . In order to determine the purity of the products, powder X-ray diffraction measurements were carried out, showing phase-pure compounds on the level of X-ray diffraction (XRD, Fig. 1 ). The presumed by-product Na 2 O from Eq. 1 could not be detected in the powder diffractogram, since it has been taken up by the inner wall of the silica ampoules in an acid-base reaction with SiO 2 , most probably forming glassy Na 2 SiO 3 or Na 4 [SiO 4 ].
X-Ray diffractometry and structure determination
The powder X-ray diffractograms were recorded with a STADI P diffractometer (Stoe, Darmstadt, Germany) using a position-sensitive detector and germaniummonochromatized CuK α radiation (λ = 154.06 pm). The angular range was adjusted to 7 • ≤ 2θ ≤ 75 • with a step width of 0.1 • at room temperature. A comparison of the experimental powder diffractogram to the pattern simulated from single-crystal data confirmed a phase-pure product Na 2 Y 3 Cl 3 [TeO 3 ] 4 ( Fig. 1) . An intensity data set for a colorless, transparent and platelet-shaped single crystal of Na 2 Y 3 Cl 3 [TeO 3 ] 4 was collected at room temperature on a κ-CCD X-ray diffractometer (Bruker-Nonius, Karlsruhe, Germany). The device uses graphite-monochromatized MoK α radiation (λ = 71.07 pm). A numerical absorption correction was performed on the basis of the program HABITUS [29] . The structure solution and refinement was accomplished using the program package SHELXS/L-97 [30 -32] . Details of the data collection and the structure refinement are summarized in Table 1 . Atomic positions and coefficients of the equivalent isotropic displacement parameters are presented in Table 2 . The motifs of mutual adjunction [33 -35] can be taken from Table 3 . Selected interatomic distances and bond angles are shown in Table 4 .
Further details of the crystal structure investigation of Na 2 
Raman spectroscopy
The Raman-spectroscopic data were measured at room temperature on a RFS/100S spectrometer (Bruker Optics, Ettlingen, Germany) in the spectral range of 150 -3500 cm −1 and with a resolution of 4 cm −1 (Nd-YAG laser, λ = 1064 nm). The spectrum shows the four antici- ( 
Diffuse reflectance spectroscopy
The diffuse reflectance spectroscopy measurements (DRS) were executed with a UV/Vis spectrometer (J&M, Essingen, Germany), which is equipped with an attachment including fiber optics. First, the data for a 0 % reflectance were measured with the radiation source off. Sec- 
a CN = coordination number.
ond, the data for a 100 % reflectance were recorded with Ba [SO 4 ] as a white-reflectance standard. Afterwards, the sample reflectance was adjusted in the wavenumber range λ = 225 -2500 nm (≡ 5.5 -0.5 eV). The conversion of the measured data with the Kubelka-Munk function [36] gave the absorption data. The inflexion points of the function revealed the value for the optical band gap.
Fluorescence spectroscopy
The photoluminescence spectra of the europium-doped compound Na 2 tended red-sensitivity (λ = 300 -850 nm). The photoluminescence spectra were measured at room temperature and showed the typical f → f transitions for oxidic Eu 3+ -doped compounds.
Results and Discussion
Crystal structure (Fig. 1, top) (100) plane. According to the higher symmetry and the lower multiplicity of the 4e site, the polyhedron around (Y1) 3+ is connected in these layer to four surrounding polyhedra centered by (Y2) 3+ . The crystal structure contains a single crystallographically unique Na + cation, which is situated on the 8 f site and coordinated by three O 2− and four Cl − anions (Fig. 2, bottom) . The sodium-oxygen distances d(Na + -O 2− ) amount to 227 -274 pm and the sodium-chlorine separations d(Na + -Cl − ) cover the range from 299 to 326 pm. The reference data for the binary compounds Na 2 O [38] and NaCl [39] indicate sodium-oxygen distances d(Na + -O 2− ) of 240 pm (4×) for the anti-fluorite-and sodium-chlorine separations d(Na + -Cl − ) of 282 pm (6×) for the halite-type structure. The ternary oxide chloride Na 3 OCl [40] in its anti-perovskite-type arrangement presents sodiumoxygen and sodium-chlorine distances of d(Na + -O 2− ) = 225 pm (2×) and d(Na + -Cl − ) = 318 pm (4×), respectively. In comparison to these literature data, the calculated distance ranges for Na 2 (Fig. 4) . The crystal structure includes two crystallographically different Cl − anions. (Cl1) − at the 4d site is linearly coordinated by two Na + cations with d((Cl1) − -Na + ) = 301 pm (2×) and (Na + -(Cl1) − -Na + ) = 180 • . The 8 f site is occupied by (Cl2) − carrying three Na + cations, which establish a triangular plane with chlorine-sodium distances in a range from 299 to 326 pm. The distance from (Cl2) − to (Fig. 6) . The two crystallographically different Te 4+ cations (Fig. 5, top) 4 , and the two crystallographically independent Cl − anions (bottom) coordinated by two or three Na + cations, respectively. (Fig. 6) [24] , where the Na + cations surprisingly have a higher coordination number of eight (four oxygen and iodine atoms each) instead of seven.
Raman spectroscopy
According to the C 3v symmetry of undistorted ψ 1 -tetrahedral [TeO 3 ] 2− anions, there are four vibrational [46] , but they are superimposed partially by metal-oxygen vibrational modes (not indicated in the spectra), and by a fairly high background noise. In the spectrum of the title compound the A1 symmetric stretching mode ν s emerges at 793 cm −1 (medium). The asymmetric stretching modes ν as (E) follow at 643 (weak) and 657 cm −1 (shoulder, very weak), both strongly superimposed by the background. The symmetric bending mode δ s (A1) appears at 403 cm −1 (medium) with a shoulder at 460 cm −1 (very weak). The asymmetric bending modes δ as (E) are visible at 340 cm −1 (medium) with a shoulder at 333 cm −1 (very weak).
Diffuse reflectance spectroscopy
The DRS measurements [47, 48] were performed to determine the optical band gap for the undoped phase ). Therefore, the absorption was converted to the Kubelka-Munk function [36] (Fig. 8) , which shows at the intersection of the inflexion points of the function an optical band gap of E g = 4.26 eV for the undoped and E g = 4.16 eV for the Eu 3+ -doped sample, in perfect agreement with the missing color of both samples. These findings correspond with wavelengths of λ = 291 (≡ 4.26 eV) and 298 nm (≡ 4.16 eV), respectively, and can also clearly be seen in the fluorescence excitation spectrum (Fig. 9 ) of the undoped sample as a broad charge-transfer band (indicated as CT). Moreover, the DRS measurements have shown that Eu 3+ -doping has only little effects on the crystal structure and the band gap (∆E g = 0.10 eV). Therefore, the charge-transfer region depends not exclusively on the electronic f → f and O 2− →Eu 3+ CT transitions, but also results from the electronic s → p transitions at the Te 4+ cation with its lone-pair, addressable as an inorganic antenna effect.
Fluorescence spectroscopy
Under UV lamp irradiation with an excitation wavelength of λ = 254 nm, Na 2 For comparison, the intensities of both the excitation and the emission spectrum were normalized. The excitation spectrum presents a broad band between 250 and 315 nm, including the host-structure excitation (between 250 and 260 nm) [50] as well as electronic d → f transitions of the Eu 3+ cation and O 2− → Eu 3+ ligand-to-metal charge-transfer (LMCT) (from 260 to 315 nm, indicated as CT in Fig. 9 ). According to the DRS measurements (Fig. 8) [49, 50, 52] . The emission spectrum features the 5 D 0 → 7 F 0 transition at 586 nm with only weak intensity due to the forbidden electric dipole transition and to the allowed magnetic dipole transition, both being always much less intense. Between 590 and 598 nm the allowed electric dipole transitions 5 D 0 → 7 F 1 are also observed with a low intensity, depending mainly on the chemical environment. The most intense transition is represented by the 5 D 0 → 7 F 2 emission line at 613 nm, followed at about 627 nm by the forbid-den 5 D 0 → 7 F 3 electric dipole transition, again magnetically allowed and therefore very weak [49, 50] . Due to the fact that the 5 D 0 state can not be split by the crystal field (J = 0), the split emission lines need to originate from the crystal-field splitting of the 7 F J states. The most prominent 5 D 0 → 7 F 2 emission emerges as a triplet in the spectrum. Hence, it is not possible to determine whether the Eu 3+ cations prefer to occupy the site of (Y1) 3+ or (Y2) 3+ .
Conclusion
The crystal structure of Na 2 Y 3 Cl 3 [TeO 3 ] 4 was determined by single-crystal and powder X-ray diffraction measurements. Its powder pattern also proved the new quintenary oxotellurate(IV) to be obtainable phase-pure. The crystal structure includes isolated ψ 1 -tetrahedral [TeO 3 ] 2− anions, which could also be detected by Raman spectroscopy. The europium-doped compound Na 2 Y 3 Cl 3 [TeO 3 ] 4 :Eu 3+ was also synthesized. According to its fluorescence performance, it is a promising red phosphor exhibiting the prominent transitions of an Eu 3+ -doped compound and a broad charge-transfer owing to an inorganic antenna effect of the [TeO 3 ] 2− anions. Diffuse reflectance spectroscopy did verify that Eu 3+ -doping has only minor effects on the crystal structure of the colorless compound, so that the optical band gaps of the undoped and doped samples are very similar and prove the significance of an inorganic antenna effect.
